As part of the proliferative response to serum, mouse 3T3 cells produce a set of growth-related mRNAs identified by hybridization to cloned cDNAs. One of these mRNAs, which is about 1 kilobase long, appears within a few hours after stimulation of resting cells with serum or plateletderived growth factor and reaches a high level during the transition from the GI to the S phase of growth. This mRNA is translated in vitro into a protein of approximately 25 kilodaltons. The corresponding cloned cDNA of 791 base pairs has been sequenced; it contains a single open reading frame that encodes a protein of 224 amino acids with extensive sequence homology to mammalian prolactins. The initial 29-amino acid segment of the encoded protein resembles the signal sequences of prehormones. That the growth-related protein is not mouse prolactin is indicated by comparison of its predicted amino acid composition with that of mouse prolactin and by the distinct fragment patterns seen when restricted mouse DNA is probed with the cloned cDNA or rat prolactin cDNA. Therefore, the growth-related protein appears to be a new member of the prolactin-growth hormone family. Because of its relationship to prolactin and growth hormone and its association with cell proliferation, the protein has been called "proliferin."
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Activation of specific genes occurs during the transition of mammalian cells from the resting to the growing state (1) . What these genes are and what roles the products of these genes play in the progression of the cell cycle remain, for the most part, to be elucidated. Recently, several groups of workers have reported the molecular cloning of cDNAs corresponding to growth-related mRNAs from cultured mouse cells stimulated with serum or purified growth factors (2) (3) (4) . One of the growth-related mRNAs that we found in a number of proliferating murine cell lines is a 1-kilobase RNA (referred to as 28H6) that is virtually undetectable in nongrowing cells (2, 5) . Following serum stimulation of BALB/c 3T3 fibroblastic cells, 28H6 RNA appears within 3 hr and reaches a maximal level at the time of transition between the G1 and S phases of growth. Because 28H6 RNA is not always found in proliferating murine cell lines (2, 5) , its expression is not essential for growth. However, our interest in this RNA was reinforced when nucleotide sequence analysis of an incomplete cDNA clone suggested that 28H6 RNA encoded a protein related to prolactin (2, 5) . We now report the sequence of a cDNA clone that appears to contain the complete coding and 3'-untranslated regions of the mRNA. This cDNA encodes a protein of 224 amino acids with extensive homology to mammalian prolactins. By several criteria the encoded protein is likely to be a new member of the prolactin-growth hormone family. Because of its relationship to prolactin and growth hormone and its association with cell proliferation, the protein will be referred to as "proliferin" or "PLF."
MATERIALS AND METHODS
DNA Sequence Analysis. The cDNA clones were end labeled by filling in 5' overhangs, left after restriction endonuclease cleavage, with the Klenow fragment of Escherichia coli DNA polymerase I and an [a-32P]dNTP. Pst I 3' overhangs were labeled with cordycepin [a-32P]triphosphate and terminal nucleotidyltransferase (6) . Fragments labeled at one end were isolated from polyacrylamide gels and sequenced by the method of Maxam and Gilbert (7) . The cleavage products were resolved on 8% or 20% polyacrylamide/urea gels (8) , and the gels were autoradiographed.
Oligonucleotide Synthesis and Labeling. Defined oligonucleotides were synthesized with an Applied Biosystems 380A DNA synthesizer, and the final products were purified by high performance liquid chromatography. Oligonucleotides were labeled with T4 polynucleotide kinase and [y-32P]ATP.
Colony Hybridization. The cDNA library (2) was grown on nitrocellulose filters on agar plates containing tetracycline at 6 ,g/ml, and replica filters were prepared by the procedure of Hanahan and Meselson (9) . For the high-density screen, each 88 x 88 mm filter contained approximately 50,000 colonies. The bacterial colonies on the replica filters were lysed (9) , and the filters were baked and incubated prior to hybridization as described (10) . Hybridizations were carried out for 12-18 hr at 37°C in 1 M NaCl/50 mM Tris HCl, pH 7.4/5 mM EDTA/0.5% NaDodSO4/0.2% bovine serum albumin/0.2% Ficoll/0.2% polyvinylpyrrolidone (10, 11) containing denatured E. coli DNA at 10 ,tg/ml and 1 x 106 dpm of kinaselabeled oligonucleotide per ml. The filters were washed with 0.9 M NaCl/0.09 M sodium citrate at 0°C with several changes for a total of 1 hr and then with fresh solution of the same composition at 37°C for two 10-min periods (12) . After drying, the filters were exposed to x-ray film. Hybridizing regions were picked and rescreened at low density by the same procedure. Finally, individual colonies were picked into microwells and screened as described (2) .
Purification of RNA and DNA. Krebs ascites carcinoma cells (from American Type Culture Collection) were isolated from the peritoneal cavity of BALB/c mice 10 days after injection. The cells were lysed in guanidinium thiocyanate solution (13) , and the RNA was pelleted through a CsCl cushion (14) . Poly(A)+ RNA was selected by two cycles of binding to oligo(dT)-cellulose (15) . Recombinant plasmid DNAs were purified by two rounds of CsCl/ethidium bromide density gradient centrifugation (10) . The rat prolactin cDNA clone PRL-2 (16, 17) (25) . Furthermore, purification of Krebs cell proliferin mRNA by hybridization to proliferin cDNA and translation in vitro results in a polypeptide with an estimated molecular weight of 25,000 (Fig. 3) , about the same as that of preprQlactin (26) .
The nucleotide sequence homology between the coding regions of PLF-1 and bovine prolactin cDNA (27) is 55% and is reflected in the amino acid sequence comparisons of the two proteins. In Fig. 4 the predicted amino acid sequence of mPLF is compared with the sequences of bovine prolactin (bPRL) and bovine growth hormone (bGH), which is related to prolactin (26) . The results are summarized in Table 1 together with related sequence comparisons. Analysis of the proliferin amino acid seqluence reveals that (0) mPLF and bPRL are more closely related than bPRL and bGH; (ii) mPLF has significantly less homology to bPRL than do other mammalian prolactins-e.g., rat prolactin (rPRL); (iifl the sequence of the first 29 amino acids of mPLF closely resembles that of the signal peptide of bPRL; (iv) this mPLF leader sequencf satisfies the empirical rules for cleavage of a signal peptide after the serine residue at position .29 (28) ; (v) the sites of the presumed precursor and mature ,mPLF polypeptides are similar to'those of bPRL;-(vi) the locations of the six cysteine and two tryptophan residues in mature bPRL and mPLF, diagrammed in Fig. 5 , correspond almost precisely [these residues are highly conserved in the mammalian pro- Asn-X-Ser regions (58-60, 75-77, and 88-90), the consensus signal for glycosylation (31) .
Evidence that Proliferin Is Not Mouse Prolactin. The degree of amino acid homology between mPLF and bPRL suggests that mPLF is not mouse prolactin, since the sequenced mammalian prolactins show considerably greater interspecies homology ( Data for the secreted form of mouse prolactin are from Colosi and Talamantes (32) . The mature proliferin protein is assumed to begin with the phenylalanine residue at position 30 in Fig. 2 (35) ] and the two tryptophans in the body of proliferin and prolactin. These residues must have important functional significance since they are found in all the mammalian prolactins sequenced so far.
The predicted amino acid sequence of proliferin suggests that the protein may undergo a number of post-translational changes. There is an amino-terminal hydrophobic region of 29 amino acids that resembles the signal peptide of prehormones, including prolactins. The consensus glycosylation signal Asn-X-Ser (31) appears at three locations in proliferin. Although this signal is not found in rPRL or bPRL, ovine prolactin does have such a signal, and a glycosylated form of ovine prolactin has been reported (36) . Recently, we have obtained evidence that the proliferin protein is glycosylated and secreted (unpublished observations). In addition, proliferin contains three regions with contiguous lysine residues, which could be sites for proteolytic cleavage (29, 30) .
What is the evidence that proliferin is not mPRL? Since the amino acid sequence of mPRL is not known, we are unable to make a direct comparison of the two proteins. Nonetheless, there is substantial evidence that the proteins are different. First, the degree of amino acid sequence homology between proliferin and mammalian prolactins is considerably less than that between the different mammalian prolactins whose amino acid sequences are known; second, the amino acid composition reported for biologically defined prolactin secreted by cultured mouse pituitary cells (32) differs from that of proliferin; and third, proliferin and rPRL cDNAs hybridize to different restriction fragments derived from mouse DNA. Recently, Talamantes and his colleagues (37) have described a 23-kilodalton murine placental lactogen with potent prolactin-like activity that does not react with antisera Proc. NatL Acad Sd USA 81 (1984) Proc. NatL Acad ScL USA 81 (1984) 4259 against murine prolactin or growth hormone. The biological properties of this murine placental lactogen suggest that it is similar to prolactin and may be quite different from other placental lactogens (37) . While proliferin has only limited homology to human placental lactogen (26) , it remains possible that proliferin is closely related to the prolactin-like murine placental lactogen. * The close structural relationship of proliferin to prolactin suggests a close functional relationship as well. Prolactin is a multifunctional hormone with pronounced physiological effects on growth, reproduction, and osmoregulation (38, 39) . It has a marked proliferative effect on the crop sac of pigeons (40) and in mammals is involved in the development and function of various glandular tissues (38, 39) . A variety of mammalian cells have receptors for prolactin, including those of the mammary gland, liver, kidney, brain, prostate, testis, and ovary (41) . Although prolactin is a pituitary hormone, proteins that react with anti-prolactin sera appear to be synthesized in nonpituitary tissues as well (42, 43) . Arguing by analogy to prolactin, we hypothesize that proliferin is secreted by certain types of proliferating cells, binds to cell surface receptors of like or different cells, and stimulates their growth or differentiation. Thus, proliferin may be an augmenting or secondary growth factor akin to transforming growth factors released by tumor cells (44) or to the somatomedins (45) . A test of this hypothesis awaits the isolation of purified proliferin.
Note Added in Proof. Since submission of this manuscript, the amino acid sequence of mouse prolactin has been reported (46) . Proliferin and mouse prolactin share 32% of their amino acid residues. 
